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Motivation Global Flux Anomaly Time Series  (Loeb et al., 2018)
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o Large negative outgoing SW anomaly has been observed since 2014, and the
negative anomaly lasted until the end of 2017.
o The negative outgoing SW anomaly caused net warming of Earth.



o Hiatus Period: July 2000 — June2014 (Loeb et al., 2018)

Motivation o Post-Hiatus Period: July 2014 — Sep 2017
SW Changes between the two periods SW Changes between the two periods
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o The strong negative SW anomaly is largely contributed from a reduction of low-level
clouds over the North Eastern Pacific.



Objectives

o Examine detailed vertical cloud changes over the Eastern Pacific using
CALIPSO and CloudSat observations

o Examine if there are significant/noticeable differences in cloud properties
when using active sensors, as oppose to passive sensors

o Relate the cloud changes to meteorological conditions using MERRA-2

reanalysis dataset



Datasets

O MODIS (Passive sensor) cloud properties: CERES Ed4A SSF Aqua hourly data
O CALIPSO (Lidar) cloud properties: CALIPSO V4 VFM product
O CloudSat (Radar) cloud properties: CloudSat R05 2B-GEOPROF, 2B-CWC-RO
O CloudSat + CALIPSO (Radar+Lidar) cloud properties:

Combination of CloudSat R05 and CALIPSO V4 based on Kato et al. (2010)
0 CERES EBAF Ed4.1 flux dataset
O Meteorological properties: MERRA-2

Sea surface temperature (SST), temperature, humidity, and vertical velocity

» CloudSat has been operating for daytime only since June 2012, and for the consistency, cloud properties for daytime
are analyzed for all cloud datasets. Also we use MODIS SSF Aqua for consistent sampling with CloudSat and
CALIPSO, since all of are in A-train.



Cloud Boundaries from CALIPSO V4 and CloudSat R05

o The main concept is based on Kato et al. (2010): CALIPSO (CALIOP) provides cloud boundaries at
a finder vertical resolution (30 m or 60 m) than CloudSat (CPR) (480 m but oversampled every 240
m), and thus we keep the CALIOP cloud boundary if the CALIPSO signal is available. When clouds
are thick and the CALIOP signal is fully attenuated, we use CloudSat CPR to assign clouds below
the CALIPSO attenuation level.

o Definition of CALIPSO clouds
According to CALIPSO V4 VFM product, we select cloud features with a high confidence (CAD
score > 70). For liquid clouds < 4 km, clouds from single-shot (333 m) beam are only used. For ice
phase, clouds from all scales of horizontal spatial averaging (333-m, 1, 5, 20, and 80 km) are used.

o Definition of CloudSat clouds
Cloud mask value = 30 from 2B-GEOPROF product (0: completely clear, 40: completely cloudy). It

seems that most of surface clutters are assigned as 5.



CALIPSO Only CloudSat Only

333m  1km 80km CALIPSO Horizontal Res CloudSat 2B-GEOPROF Coud Mask (Radar Only)
y, L \J L y | 40
15— o
- Rl T
= ‘I = %
£ o -
§ 333-m resolution of lidar beams are averaged to reduce g i
signal noises. < "
"
-t W . - win tove v Y 0
-3 -2 -1 0 1 -3 -2 -1 0 1
Latitude (deg) Latitude (deg)
Nede:  Tow Mid High CALIPSO CAD Score

CALIPSO + CloudSat

3
3 Complete g
g attenuation of lidar 2
< 3

signal W i g

-3 -2 -1 0 1 v J'?‘
Latitude (deg) 2 1 0 1
NA Ice Wat Oriented Ice CALIPSO Phase Latitude (deg)

-
(4]

o High-level clouds are well captured by CALIPSO
Liquid-phase clouds generate strong lidar signals, and larger (probably too sensitive to very thin clouds).

spatial averaging causes unrealistic signal lags o CloudSat sees a thick cloud layer through the cloud

' base, but the CALIPSO signal is fully attenuated.

o CALISPO captures small-scale boundary layer clouds,
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Cloud Volume Fraction Profile (%)

o 125 reference vertical layers are
defined with a constant depth of 160 m
from 0 km to 20 km. Then the cloud
volume profile (%) is computed as the
fraction of volume filled by clouds within
each vertical bin.
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o For the assigned altitude range (e.g., 0-3
km for low clouds, >10 km for high
clouds), cloud-occupied area from
satellite view is computed.
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Cloud Volume Fractions (%) over the Eastern Pacific (EP) (150W-120W, EQ-30N)
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Cloud Volume Fraction (%) Anomalies over the EP (150W-120W, EQ-30N)
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Cloud Cover (%) Anomalies over the EP (150W-120W, EQ-30N)
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Meteorological conditions over the EP (150W-120W, EQ-30N)
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RH (%) versus Cloud Volume Fraction (%) Anomalies over the EP (150W-120W, EQ-30N)
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Cloud Top Height over the Eastern Pacific (EP) (150W-120W, EQ-30N)
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Summary and Conclusions

o Merged cloud boundaries from CALIPSO and CloudSat (CC) are consistent with those from MODIS,
except for high-level clouds. CC clouds show a larger variability of high-level cloud tops depending
on ENSO events, in comparison to MODIS cloud tops.

o In 2016, all-levels of cloud amounts decreased, resulting in large negative SW anomalies. The
sudden decrease of cloud amounts is related to reduced vertical motion and lingered warm SST over
the EP.

o Mid troposphere warmed up and tropopause temperature cooled down 2-3 months later after SST
warmed during El Nino events due to latent heating. This further causes decrease of relative humidity
in mid troposphere, and increase of relative humidity in upper troposphere. As a result, high-level
cloud top boundary elevated 2-3 months after SST peaks. This feature is better captured in CC
measurements, compared to MODIS.
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Cloud Extinction Profiles over EP (150W-120W, EQ-30N)
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A Closer Look of Cloud Volume Fraction (%) near Surface over the EP (150W-120W, EQ-30N)
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Meteorological conditions over the EP (150W-120W, EQ-30N)
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